A novel photocatalyst, titanium dioxide (TiO 2 ) deposited with silver (Ag), was prepared by a ultrasonic-assisted sol-gel method and studied for the photocatalytic degradation of endocrine disrupting chemicals such as Bisphenol A (BPA) under UV illumination, in order to determine its photocatalytic properties. A series of Ag-TiO 2 catalysts prepared with different Ag dosage were characterized by SEM, EDX, XRD, XPS, and UV-Visible absorption spectroscopy and their photocatalytic activity was evaluated in the degradation of BPA in aqueous suspension.
Introduction
Natural water environment today is threatened by a variety of hazardous chemical substances derived from man-made products. The deleterious effects of chemicals on the earth's ecosystems are a cause for serious concerns. Several of these chemicals, such as azo dyes, herbicides, and pesticides, are actually present in rivers and lakes, and are in part suspected of being endocrine-disrupting chemicals (EDCs) [1] [2] [3] [4] . Although, it is still being discussed whether such chemicals have an influence upon human beings or not, it is necessary to develop efficient techniques for elimination and decomposition of those EDCs from water and wastewater as soon as possible. The photodegradation of such chemicals presented in water and wastewater seems to be one of the most promising methods for water and wastewater treatment [5] .
Bisphenol A (BPA) is widely used as a major component for manufacturing of polycarbonate resins and also an antioxidant material for stabilizing many plastics. However, BPA is a known EDC due to its estrogenicity. Thus, the inevitable elusion of BPA from plastic products into the water environment has recently been identified as a severe form of water pollution [4] . Also the leaching of BPA into the natural environment as well as in surface water is possible during manufacturing processes and by leaching from final products. Moreover, high concentration of BPA can be contained in wastewater from its production factories because it is partially removed during wastewater treatment. The wastewater containing BPA can be a source of contamination in aquatic environment [6, 7] . Although BPA is readily degraded by microorganisms [6] , biological methods commonly require long time for the wastewater containing BPA at high concentration. Therefore, the rapid and simple processes for BPA degradation in wastewater are definitely required.
A variety of treatment techniques are available for the treatment of wastewater which contains phenolic compounds have been examined by using chemical [8] , biological [9] , adsorption [10] , photochemical [11] , and electrochemical [12] procedures. However, only a few reports have appeared on the treatment of wastewater containing BPA [4, 13] . They examined the degradation of BPA in the presence of titanium dioxide (TiO 2 ) as a photocatalyst.
During the past two decades, photocatalytic oxidation of organic contaminants with TiO 2 has become attractive and a promising method for water purification [1-4, 8,14] . Under near UV irradiation, TiO 2 is photoactivated and active oxygen species such as hydroxyl radicals are formed on the surfaces of the TiO 2 crystals. Most of the organic compounds can be decomposed into CO 2 and H 2 O by the attack of these radicals that possess high oxidizing power [8, 14] .
However, the photocatalytic remediation of contaminated water environments may present a potential risk of irregular and unanticipated reactions by active oxygen species during the photodecomposition, in which some intermediate products may be even more hazardous than the parent compounds [15] [16] . In particular, TiO 2 photocatalysis in aqueous media probably yields a variety of intermediates in uncontrollable radical reactions. Therefore, a safe process of photocatalytic oxidation should not only examine the degradation of substrate compounds during the photoreaction, but also monitor the mineralization of the substrate organics as well.
In the present study, a series of TiO 2 and Ag-TiO 2 catalysts were synthesized by an ultrasonic-assisted sol-gel method and their photocatalytic activity was evaluated in the photocatalytic degradation of BPA in aqueous suspension.
Experimental

Materials
Tetra-n-butyl titanate (Ti(O-Bu) 4 ) and silver nitrate (AgNO 3 ) with analytical grade were purchased from Aldrich Chemical Company., USA and used as titanium and silver sources for the preparation of TiO 2 and Ag/TiO 2 photocatalysts. BPA (2,2-bis(4-hydroxyphenyl) propane) with analytical grade was obtained also from Aldrich and used without further purification. The molecular structure of BPA is shown in Fig. 1 . Deionized doubly-distilled water was used for the preparation of all solutions.
[ Fig. 1] 
Preparation of photocatalysts
The silver-deposited TiO 2 samples (Ag-TiO 2 ) were prepared by the ultrasonic-assisted sol-gel method with the following procedure: 21 ml of Ti(O-Bu) 4 was added into 80 ml of absolute ethanol; The resulting Ti(O-Bu) 4 -ethanol solution was stirred in an ice bath; 2 ml of water and 0.2 ml of HNO 3 (50%) were added into another 80 ml of ethanol to make an ethanol- 
Characterization of photocatalysts
To study the texture and morphology of the prepared TiO 2 and Ag-TiO 2 samples, the scanning electron microscope (SEM) graphs were obtained with a Leica microscope working at 20 kV. The SEM was fitted with an energy dispersive X-ray (EDX) accessory. The crystalline phase of the synthesized TiO 2 and Ag-TiO 2 catalysts was analyzed by X-ray powder diffraction (XRD) using a Philips X-ray diffractometer (Model PW 3020) with Cu K  radiation ( = 0.154060 nm). The accelerating voltage of 40 kV and emission current of 30 mA were used. Xray photoelectron spectra (XPS) of the catalyst samples were also recorded with a PHI Quantum ESCA microprobe system using a MgK  excitation source. Calibration of the spectra was done at the C 1s peak of surface contamination taken at 1253.6 eV. The fitting of XPS curves was analyzed with software of Multipak 6.0 A.
Setup of a photoreactor system
A photocatalytic reactor system was used for the experiments in this study is shown in [ Fig. 2] 
Experimental procedure
To investigate the effects of silver deposition on the photocatalytic activity of TiO 2 , the oxidative photodegradation of BPA was carried out in the aerated either TiO 2 or Ag-TiO 2 suspension under UV irradiation. The reaction suspension was prepared by adding 0.25 g of catalyst into 250 ml of aqueous BPA solution with an initial concentration of 10 mg/l. Prior to photoreaction, the suspension was magnetically stirred in a dark condition for 30 min to establish an adsorption/desorption equilibrium condition. The aqueous suspension containing BPA and photocatalyst were irradiated under UV light with constant aeration. At the given time intervals, the analytical samples were taken from the suspension and immediately centrifuged at 4000 rpm for 15 min, then filtered through a 0.45 m Millipore filter to remove the particles. The filtrate was analyzed for the degree of the BPA degradation.
Analytical methods
BPA concentration was analyzed by UV/VIS spectroscopy and also HPLC (Finnigan Mat
Spectra system P4000). In the HPLC analysis, a pinnacle II C18 column (5 μm particle size, 250 mm length, 4.6 mm inner diameter) was employed and a mobile phase of acetonitrile/water (7:3, v/v) was used at a flow rate of 0.8 ml/min. An injection volume of 20 μl was used and the amount of BPA was determined by the UV detector at 278 nm. TOC concentration was determined by a TOC-analyzer (Shimadsu 5000A) equipped with an auto sampler (ASI-5000).
3.
Results and discussion
Characteristics of TiO 2 and Ag-TiO 2 photocatalysts
The TiO 2 and Ag-TiO 2 samples were first examined by XRD and their phase conditions are shown in Fig. 3 . The XRD pattern of these samples showed the presence of three main peaks at 2 = 25.4 o (101), 37.8 o , and 48.1 o regarded as an attributive indication of anatase titania [18, 19] . In addition to the characteristic peak of 101 plane, diffraction peaks corresponding to rutile titania also appeared on the pattern at 2 = 27. To estimate the fraction of anatase and rutile in the resulting Ag-TiO 2 powder, the weight percentage of the anatase phase, W A , was calculated using the following equation [20] :
where I A denotes the intensity of the strongest anatase reflection, and I R is the intensity of the strongest rutile reflection. For a given sample, the ratio I A /I R is independent of fluctuations in diffractometer characteristics.
The results of W A calculation for all the samples are shown in Table 1 implies that the interaction between Ag and TiO 2 matrix occurred during the preparation of catalysts by the ultrasonic-assisted sol-gel method. However, the O 1s XPS spectra showed a wide peak structure for Ag-TiO 2 as illustrated in Fig. 4 and Table 2b . Table 3 .
[ [ Fig. 9] 
TOC removal in BPA degradation
To study the mineralization of BPA in this photocatalytic reaction, the experiment of after 120 min reaction. These results indicated that both catalysts of 0.5%Ag-TiO 2 , and 1%Ag-TiO 2 achieved the highest TOC removal, which was also matched with the BPA degradation results. These results indicated that BPA in this photocatalytic reaction system can be remarkably degraded to a very low level within 120 min with a high extent of mineralization.
[ Fig. 10] 
The effect of Ag dosage on the photocatalytic activiy of TiO 2 catalysts
In order to investigate the effect of Ag dosage on the photocatalytic activity of TiO 2 catalysts in the BPA degradation, the experimental results as shown in Fig. 9 were further fitted by using the first-order kinetic model to determine the reaction rate for different Ag-TiO 2 catalysts. The kinetic results as shown in Fig. 11 showed that the BPA degradation in this photocatalytic oxidation system well followed the first-order kinetics and an optimum Ag dosage of 1% on TiO 2 catalyst was determined as shown in Fig. 12 . It may be explained that at the Ag content below its optimum value, the Ag particles deposited on the TiO 2 surface can act as electron-hole separation centers [18] . The electron transfer from the TiO 2 conduction band to metallic silver particles at the interface is thermodynamically possible because the Fermi level of TiO 2 is higher than that of silver metal [24] . This results in the formation of Schottky barrier at metal-semiconductor contact region and improves the photocatalytic activity of TiO 2 . On the contrary, at the Ag content beyond its optimum value, the Ag particles can also act as recombination centers, thereby decreasing the photocatalytic activity of TiO 2 . It has been reported that the probability for the hole capture is increased by the large number of negatively charged Ag particles on TiO 2 at high Ag content, which reduces the efficiency of charge separation [25, 26] . In this study, the Ag-TiO 2 sample under UV irradiation demonstrated a considerable increase in the BPA degradation as compared to the pure TiO 2 sample.
[ Fig. 11] [ Fig. 12] 
Mechanism of the enhanced photocatalytic activity
The photocatalytic activity of TiO 2 for the oxidative degradation of BPA may be 
Here, the presence of Ag on TiO 2 surface favors the migration of photo-produced electron to Ag, thus improving the electron-hole separation. Subsequently, electrons migrate from Ag to O 2 molecules. In addition to this role of Ag deposites, the mechanism of photocatalytic reaction on the surface of Ag-TiO 2 catalyst can be illustration in Fig.13 . The enhanced reduction of oxygen through better electron-hole separation in Ag-TiO 2 particles compared to pure TiO 2 increases the rates of BPA degradation. On the other hand, the presence of two methyl groups in BPA were initially attacked with .
OH and/or . OOH radicals having strong oxidizing power, followed by the cleavage of the two phenyl moieties. Finally, the photomineralisation of CO 2 gas occurred via oxidative processes involving carboxylic acids and aldehydes.
[ Fig. 13] 
Conclusion
A series of silver-deposited titania samples were prepared, characterized, and investigated for the BPA degradation under UV irradiation. The improvement of photocatalytic activity due to the addition of silver was found to be obvious according to the photocatalytic rate expression.
The principal benefit in photocatalytic activity resulted from several reasons including the increase of exposed surface due to the textural characteristics of the Ag-TiO 2 layers, the elimination of electron-hole recombination due to the existence of Ag deposits on TiO 2 surface.
The experiments demonstrated BPA was effectively degraded in aqueous Ag-TiO 2 suspension for more than 97% within 120 min, while TOC was also converted to CO 2 with a high portion of up to 86%. This Ag-TiO 2 photocatalytic oxidation process may have a good potential for advanced water and wastewater treatment to eliminate endocrine disrupting chemicals to a very low level in the future. 
